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e | |
GPU i&&IE/—R

Intel IceLake x2Y%4y h+NVIDIA A100 x8 x40./— R
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63rd TOP500 List (May, 2024) -
s

1 Frontier, 2022, USA
DOE/SC/Oak Ridge National Laboratory

5 Aurora, 2023, USA
DOE/SC/Argonne National Laboratory

Eagle, 2023, USA
Microsoft

4 Fugaku, 2020, Japan
R-CCS, RIKEN

5 LUMI, 2022, Finland
EuroHPC/CSC

Alps, 2024, Switzerland
Swiss National Supercomputing Centre (CSCS)

v Leonard, 2022, Italy
EuroHPC/Cineca

8 MareNostrum 5 ACC, 2023, Spain
EuroHPC/BSC

9 Summit, 2018, USA
DOE/SC/Oak Ridge National Laboratory
10 Eos NVIDIA DGX SuperPOD
NVIDIA Corporation
1 Venado, 2024, USA
DOE/NNSA/LANL
17 CEA-HE, 2024, France
CEA

31 TSUBAME 4.0, 2024, Japan
Tokyo Institute of Technology

39 ABCI 2.0, 2021, Japan
AIST

Wisteria/BDEC-01 (Odyssey), 2021, Japan
ITC, University of Tokyo

40

Computer/Year Vendor

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C 2GHz,
AMD Instinct MI250X, Slingshot-11

HPE Cray EX - Intel Exascale Compute Blade, Xeon CPU Max
9470 52C 2.4GHz, Intel Data Center GPU Max, Slingshot-11, Intel

Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, NVIDIA H100,
NVIDIA Infiniband NDR

Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C 2GHz,
AMD Instinct MI250X, Slingshot-11

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200
Superchip, Slingshot-11

BullSequana XH2000, Xeon Platinum 8358 32C 2.6GHz, NVIDIA
A100 SXM4 64GB, Quad-rail NVIDIA HDR100

BullSequana XH3000, Xeon Platinum 8460Y+ 40C 2.3GHz,
NVIDIA H100 64GB, Infiniband NDR200, EVIDEN

IBM Power System AC922, IBM POWER9 22C 3.07GHz, NVIDIA
Volta GV100, Dual-rail Mellanox EDR InfiniBand

NVIDIA DGX H100, Xeon Platinum 8480C 56C 3.8GHz, NVIDIA
H100, Infiniband NDR400, Nvidia

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200
Superchip, Slingshot-11

BullSequana XH3000, Grace Hopper Superchip 72C 3GHz,
NVIDIA GH200 Superchip, Quad-Rail BXI v2, EVIDEN

HPE Cray XD665, AMD EPYC 9654 96C 2.4GHz, NVIDIA H100
SXMS5 94 GB, Infiniband NDR200

Fujitsu PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C
2.4GHz, NVIDIA A100 SXM4 40 GB, InfiniBand HDR

Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu
interconnect D

mance i

8,699,904

9,264,128

1,123,200

7,630,848

2,752,703

1,305,600

1,824,768

663,040

2,414,592

485,888

481,440

389,232

172,800

504,000

368,640

max. Performance of Linpack (TFLOPS)
Leax. Peak Perfor

R

(PFLOPS)
1,194.00
(=1.194 EF)

1,012.00

561.20

442.01

379.70

270.00

241.20

175.30

148.60

121.40

98.51

57.11

25.46

22.21

2212

http://www.top500.0rg/
TFLOPS), Power: kW

18

Roca | GFLOPS/
(PFLOPS) w

1,679.82
71.1%

1,980.01
511 %

846.84
66.3 %

537.21
82.3 %

531.51
71.4 %

353.75
76.3 %

306.31
78.7 %

249.44
70.3 %

200.79
74.0 %
188.65
64.4 %
130.44
75.5 %
112.56
50.7 %

59.40
42.9 %

54.34
40.9 %
25.95
85.2 %

52.93

26.15

14.78

53.43

51.98

32.19

42.15

14.72

59.29

47.32

34.78

13.88

15.07

22,703

24,687

29,899

7,107

7,107

7,494

4,159

10,096

1,662

1,207

732

1,600

1,468
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Leonardo (4,15) NVIDIAA100 32.2

0.50

0.00

?Q

Fugaku (2, 49) AB4FX 15.4 B5 gﬁﬁjﬁé(;«mom FEREH)

Ratio over Cost in FY.2021 (19JPY/kWh)




OFP-lI~nMD3E (2/2) JCAHPC

&6 s (L mEAR

« OFP-Il (202541 A EHEIR)
— JLAECPUSZ X4 (CPU-Group) +GPU%Y S X% (Acc-Group)
—- T5t&E-7—45-F8 | FL G R LR

. GPUDETE$202246 B (28 T CPU-Group

_ OFPA—4— (3,000 ABlE) DGPU~DHTIZ1218-307 A E AR
— THEEDORFI—Y

» NVIDIA#tEGPUERIZIRTE (202246 AH) Acc-Group
— H100%, LI % 0 1 ik CPU+GPU

— ROF
« EETDLD
 FortranCitiSN=7IUr—arDR—E2E) T4
— OpenACC/StdPar(Standard Parallelism) [Zd&AGPUA1L (& Lb B At f B
OpenMP/MPINA T yRIZ&->THEF{ESn =705 S LIZHEL TS
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GPURIE - B1TDFTHE
+ NVIDIA Japan®D i 7

3,000 A\ LL EDOFPHFIAZE : 2D D RE

- [BC#4E (Self Porting) 1: ¥4k <A T3y

— SHEID/\YHY (=X T), 35812108, AFA42 -1\
« FUEKRUCAHPC), ET K, EHEKXR, LKt

— B AREINSIHBRE](Zoom, IEA—F—HLBHHIZSINTED)
- RELL(RELEIBITR—2ILY AL, EEFEES
» https://jcahpc.qgithub.io/gpu porting/
[ 7R—k3#84E (Surpported Porting) 1, 2022410 A B4
- ZDA—Y—%FTH5AS2=T,a2—F (19588, RHE), OpenFOAM(NVIDIA)
- NEDEOHDFELHER (BRI ST—IHEHTEHFE)
— Y R—F BT W—T A IN—(EIZEF) [T/ \vHY - BEREICHBEAI=S N
EAK#IZOpenACC/StdPar(Standard Parallelism) H#f 32 2

)k, Slack{F



https://jcahpc.github.io/gpu_porting/
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Category Name (Organizations) Target, Method etc.

Engineering

(5)

Biophysics

(3)

Physics
(3)

Climate/
Weather/

Ocean

(4)

Earthquake

(4)

FrontISTR (U.Tokyo)
FrontFlow/blue (FFB) (U.Tokyo)

Solid Mechanics, FEM
CFD, FEM

FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM

FFX (U.Tokyo)

CUBE (Kobe U./RIKEN)
ABINIT-MP (Rikkyo U.)

UT-Heart (UT Heart, U.Tokyo)
Lynx (Simula, U.Tokyo)
MUTSU/iHallIMHD3D (NIFS)
Nucl TDDFT (Tokyo Tech)
Athena++ (Tohoku U. etc.)
SCALE (RIKEN)

NICAM (U.Tokyo, RIKEN, NIES)
MIROC-GCM (AORI/U.Tokyo)
Kinaco (AORI/U.Tokyo)
OpenSWPC (ERI/U.Tokyo)

SPECFEM3D (Kyoto U.)

hbi_hacapk (JAMSTEC, U.Tokyo)
sse_3d (NIED)

CFD, Lattice Boltzmann Method (LBM)

CFD, Hierarchical Cartesian Grid
Drug Discovery etc., FMO

Heart Simulation, FEM etc.

Cardiac Electrophysiology, FVM
Turbulent MHD, FFT

Nuclear Physics, Time Dependent DFT
Astrophysics/MHD, FVM/AMR
Climate/Weather, FVM

Global Climate, FVM

Atmospheric Science, FFT etc.

Ocean Science, FDM

Earthquake Wave Propagation, FDM

Earthquake Simulations, Spectral FEM

Earthquake Simulations, H-Matrix

Earthquake Science, BEM (CUDA Fortran)

Fortran
Fortran
Fortran
Fortran

Fortran
Fortran

Fortran, C

C
Fortran
Fortran

C++
Fortran
Fortran

Fortran77

Fortran
Fortran

Fortran

Fortran
Fortran
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Category Name (Organizations) Target, Method etc.

FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
, , FrontFlow/blue (FFB) (U.Tokyo) CFD, FEM Fortran
Engineering
(5) FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM Fortran
FFX (U.Tokyo) CFD, Lattice Boltzmann Method (LBM) Fortran
CUBE (Kobe U./RIKEN) CFD, Hierarchical Cartesian Grid Fortran
, , ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
BIOp(g})/SICS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallMHD3D (NIFS) Turbulent MHD, FFT Fortran
Phés)lcs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++

Climate/ limate/Weather, FVM Fortran

Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo) Atmospheric Science, FFT etc. Fortran77

(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran

OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran

(4) hbi_hacapk (JAMSTEC, U.Tokyo)  Earthquake Simulations, H-Matrix Fortran
sse 3d (NIED Earthquake Science, BEM (CUDA Fortran Fortran




Engineering

(5)

Biophysics

(3)

Physics
(3)

Climate/
Weather/

Ocean

(4)

Earthquake

(4)

Category Name (Organizations)

FrontISTR (U.Tokyo)
FrontFlow/blue (FFB) (U.Tokyo)

Target, Method etc.

Solid Mechanics, FEM
CFD, FEM

FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM

FFX (U.Tokyo)

CUBE (Kobe U./RIKEN)
ABINIT-MP (Rikkyo U.)

UT-Heart (UT Heart, U.Tokyo)
Lynx (Simula, U.Tokyo)
MUTSU/iHallIMHD3D (NIFS)
Nucl TDDFT (Tokyo Tech)
Athena++ (Tohoku U. etc.)
SCALE (RIKEN)

NICAM (U.Tokyo, RIKEN, NIES)
MIROC-GCM (AORI/U.Tokyo)
Kinaco (AORI/U.Tokyo)
OpenSWPC (ERI/U.Tokyo)

SPECFEM3D (Kyoto U.)

hbi_hacapk (JAMSTEC, U.Tokyo)
sse_3d (NIED)

CFD, Lattice Boltzmann Method (LBM)

CFD, Hierarchical Cartesian Grid
Drug Discovery etc., FMO

Heart Simulation, FEM etc.

Cardiac Electrophysiology, FVM
Turbulent MHD, FFT

Nuclear Physics, Time Dependent DFT
Astrophysics/MHD, FVM/AMR
Climate/Weather, FVM

Global Climate, FVM

Atmospheric Science, FFT etc.

Ocean Science, FDM

Earthquake Wave Propagation, FDM

Earthquake Simulations, Spectral FEM

Earthquake Simulations, H-Matrix

Earthquake Science, BEM (CUDA Fortran)

Language

Fortran
Fortran
Fortran
Fortran

Fortran
Fortran

Fortran, C

C
Fortran
Fortran

C++
Fortran
Fortran

Fortran77

Fortran
Fortran

Fortran

Fortran
Fortran




B FEM-based incompressible/compressible Flow Solver
B Developed for Industrial Applications of WR-LES

B Features Automated Mesh Refinement and Overset Method
e Cavitating Hydrofoil ‘

0.500

. —-0.500

TIME=12.5978

Cp
Q=1000

0.300
_-0.150
H.0.600

Automobile Wake

[c/o Prof. C. Kato (UTokyo)]




H Porting FFB on A100 through OpenACC-1

B Porting of a main kernel GRAD3X completed Just by adding directives

DO 1000 IP =1 , NP
FXBUF=0.0EO
FYBUF=0.0EO
FZBUF=0.0EO

po 1100 T =1 , 8
IE=IENP(I,IP)
SWRK = S(IE)
FXBUF=FXBUF-SWRK*DNXYZP(I,1l,IP)
FYBUF=FYBUF-SWRK*DNXYZP(I,2,IP)
FZBUF=FZBUF-SWRK*DNXYZP(I,3,IP)
1100 CONTINUE
FXYZ(1,IP)=FXBUF*CM(IP)
FXYZ(2,IP)=FYBUF*CM(IP)
FXYZ(3,IP)=FZBUF*CM(IP)
1000 CONTINUE

| $acc kernels
DO 1000 IP = 1 , NP
FXBUF=0.0EOQ
FYBUF=0.0EO
FZBUF=0.0EO
| $acc Toop seq
PO 1100 I =1, 8
IE=IENP(I,IP)
SWRK = S(IE)
EXBUF=FXBUF=SWRK*DNXYzP(I,1,IP)
FYBUF=FYBUF=SWRK*DNXY2P(I,2,IP)
FZBUF=FZBUF=SWRK*DNXY2P(I,3,IP)
1100 CONTINUE
EXYZ(1,IP)=EXBUF*CM(IP)
FXYZ(2,IP)=FYBUF*CM(IP)
EXYZ(3,IP)=FEZBUF*CM(IP)
1000 CONTINUE
| $acc end kernels

Original code [c/o Prof. C. Kato (UTokyo)] Code with directives

Ty $ 09090




UP is good

Performance of FFB

* FFB is memory bound * High GPU utilization by using GPU Direct to

GFLOPS

 Reasonable performance for peak reduce communication time

memory bandwidth

cuon 000027000 X 1y t m' ! | !

Performance per CPU or GPU e
sty Halo exchange by GPU Direct

300 [
250
PRES3E [122.235 ms]
200 179 TR
1 52 " i BCGZC;SXE [159 ;.S;T:s] [pcesxe 6.
1 50 | | CALLAP [764.560 pis] ] CALLAP [765.518 pis] ] | [caappers...
98 ‘ ‘ ‘
100 1 i T ]
53 61
50
S
ot O It ol o oo ol o ol AR
L D\ A\ A\ AN\ . ‘ \
e A » 2 & ~ .
Q& & & X X 3 One Iteration
& © % Vv Vv o N\
O Q’ Q Q’ Q’ ; . - ' g g r - ]
¢ \v. e ——— ]
+ R v‘-‘ Q‘\(" 43;9) v&:" & TTTTECTTITN I
‘_0 *'0 *, 0‘% % é oRes3e [122... ] | VEL3D1[55.099 ms] ] PRES E[12 235ms] Il versor pss....
\? > & ) ‘Q\ ReMELM 12...| BIERSIEeces.. Joces.. [sees.. [ Rl Misismel ]|
e N 5 o, .,  WODDDD R T ccuun—ooe. [T
> o Py o Lmssend]) LI ecesseusan. i locoscenoz.. [llocs en 5. | locosseoa... | coste uo3n..| |
"(,b ‘,t? ‘Q{ Fﬂ"' | AU 1‘:‘,%‘1\ nnmjﬁ,ﬂn 7] F l‘,||| ”\Wf' wmﬁ |
(v » N UL, B 1111110811111 OO 1

8 A100-40GB GPUs used """

ANVIDIA. I



le®,
OFP-II: Miyabi (1/2)  FUJITSU JCAHPC
202541 A& ABAa ‘SUPERMICR; ﬁ&jﬁ? W KE¥

rsity of Tukuba \_" THEUNIVERSITY OF TOKYO
JEENE/—F: CPU+GPU: NVIDIA GH200 =
— NVIDIA GH200 Grace-Hopper Superchip
« Grace: 72c, 3.456 TF, 120 GB, 512 GB/sec (LPDDR5X) NMVIDIA.
« H100: 66.9 TF DP-Tensor Core, 96 GB, 4,022 GB/sec (HBM3)

— CPU-GPUREEF vy raae—L 2k
— GracefllM5H100D AT IZEET VXA EE: AMRECPUMN G E AL IE 7

« NVMe SSD for each GPU: 1.9TB, 8.0GB/sec, GPUDirect Storage "LIDIA GH20D Grace Hopper Superchip
— A&t (CPU+GPU)

* 1,120 nodes, 78.8 PF, 5.07 PB/sec, IB-NDR 200 ) sz cee

iLFACPU/—F: CPU Only: Intel Xeon Max 9480 (SPR) | | o
— Intel Xeon Max 9480 (1.9 GHz, 56¢) x 2

« 6.8 TF, 128 GiB, 3,200 GB/sec (HBM2e only) . t |> ) '3« \
_ a5t ('n el R

IB NDR HCA
192 TB

« 190 nodes, 1.3 PF, IB-NDR 200 i:r o200
« 372 TB/sec for STREAM Triad (Peak: 608 TB/sec)




OFP-II: Miyabi (2/2)  FUJITSU JCAHPC

202541 A EARBALR — ERIN S § PN

rsity of Tukuba (’ £ UNIVERSITY OF TOKYO

« Z7AIVI AT .Ls: DDN EXA Scalar, Lustre FS (intel 1) @Z

— 11.3 PB (NVMe SSD) 1.0TB/sec, “Ipomoea-01" (26 PB) +.F| A al & NVIDIA.
B/ —FIEXIIVI1EH 30\ FIE TR dd
— (400Gbps/8) X (32%x20+16 %X 1) = 32.8 TB/sec o N

- 202541 A:ERBIR. Group-A/BEIDE{E X
h3-Open-SYS/WaitlO [ZkYEI]

IB-NDR (400Gbps)

Ipomoea-01

IB-NDR200 (200) Common Shared Storage
26 PB

Acc-Group ﬁtzllg('g;",\;‘a‘)’( File System
/8.2 PF, 5.07 PB/sec 1.3 PF. 608 TB/sec 11.3 PB, 1.0TB/sec
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Miyabi Y25 L#HRE  FUJITSU ©O JCAHPC

stE/—FEY 1 INA CPU J—IE¥

=]

FUJITSU Server
PRIMERGY CX2550 M7 x 190./—-F

RIS mEstEE(S18E)  1.29 PFLOPS
EXEJES : 23.7 TiB
FEXEVUICFIE : 608 TB/s

— —

J—F&h Intel Xeon MAX 9480 CPU(HBMAENEE) x 2 BIEE

< ShEBERL—5 (Ethernet)

Supermicro

FATJEE : 220.0 TiB

STE—REY  EEIER - FEY

ARS-111GL-DNHR-LCC x 1120 J—F
J—F&i=n NVIDIA GH200 x 1 Ef&5H;
MIEsmEEEE(fSI8E) « 78.2 PFLOPS

FEAEU)CRIE @ 5.07 PB/s
SSD : J—F&fizh NVMe SSD 1.92 TB

PRIMERGY RX2530 M7 x 2 J—F

PRIMERGY RX2530 M7 x 6 J—F

S SR

University of Tukuba (; ’

B Ry NI—7

-Ipomoea-01

074> )—REf

‘»4}&@

044> J—FA : FUJITSU Server

0494>./—FB : Supermicro
ARS-121L-DNRHY—/Ux 4 J—F
074 >J—FC : FUIITSU Server

<439/ E3BRw NI~ (Ethernet)

HEBIPAINSAT A

I714 AT s - DDN EXA Scaler
AR —SF—HER%EEE ;1.0 TB/s

MDS/MDT : DDN ES400NVX2 x 1
OSS/OST : DDN ES400NVX2 x 10
BRFIASE : NVMe SSD 10.3 PB

$=> 18/ FifizybJ—7 (InfiniBand NDR)

(SEERlv:

FUJITSU Server

PRIMERGY RX2530 M7 x 12

(Za7EIEX2. EREEX2,
SBEEx2. Webhi—4)lx2.
TFaU7109x%2)

5K

THE UNIVERSITY OF TOKYO
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Miyabi {4185 JCAHPC

o TLERE i 5k 2%

University of Tukuba (; ’ THE UNIVERSITY OF TOKYO

1.29 PFLOPS 78.8 PFLOPS
190 1120
23.75 TiB 220.02 TiB

AT N RIE 608 TB/s 5.07 PB/s
RYrD—orROd— )L\t 3> Fat Free J)LiNA(EH 3> Fat Tree

J7A4ILY AT L Lustre (DDN EXAScaler)
H—,3(0SS) DDN ES400NVX2
H—/3(0SS)H 10
FFPLILSRT L \
RRIFIVVATL PR 10.32 PB
AbL— 1.0 TB/s

7 — R
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Miyabi /—F#gRk

B A ik

‘“© University of Tsukuba ( ’ E UNIVERSITY OF TOKYO

5H NEACPU/—FE f
L% FUJITSU Server PRIMERGY Supermicro
CX2550 M7 ARS-111GL-DNHR-LCC

NVIDIA Grace CPU

J0tyH 4 Intel Xeon Max 9480 Arm Neoverse V2 CPU
JFoty9 (a7 H) 2 (56 + 56) 1(72)
ﬂ/&"zﬂ 1.9 GHz 3.0 GHz
HmEE e 6.8096 TFLOPS 3.456 TFLOPS
AEYRBR= 128 GiB 111.7 GiB
AT FHigiE 3.2 TB/s 512 GB/s
Jotyy 4 NVIDIA Hopper H100 GPU
#ﬂﬁw 1
HmEE e 66.9 TFLOPS
AT e 89.4 GiB
AT FigiE . 4. 022 GB/s
NVLink Chip-2-Chip
CPU-GPU interconnect
(K751 450 GB/s)
NVMe SSD 1.92 TB (PCle
Gen4 x4)
K& K&

A3 =Rk InfiniBand NDR200 (200Gbps)  InfiniBand NDR200 (200Gbps)



>0 JCAHPC

= BLE R Hi 5K 7

University of Tsukuba ( ’ E UNIVERSITY OF TOKYO

Miyabi VIR TER(1/2)

YFL)%CPU J — b

PBS Professional

GNU O > N4
NVIDIA HPC SDK
Fortran77/90/95/2003/2008
Intel 2 > /N4 C. C++
Fortran77/90/95/2003/2008 OpenMP. OpenACC
C. C++ NVIDIA CUDA Toolkit
CUDA C
CUDA C++
Intel MPI Open MPI
cuBLAS. cuSPARSE. cuFFT. MAGMA.
- cuDNN. NCCL

BLAS. CBLAS. LAPACK. ScalLAPACK. SuperLU. SuperLU MT. SuperLU DIST. METIS.
MT-METIS. ParMETIS. Scotch. PT-Scotch. PETSc. Trillinos. FFTW. GNU Scientific
Library. NetCDF. Parallel netCDF. HDF5. Parallel HDF5. OpenCV. Xabclib.
ppOpen-HPC. MassiveThreads. Standard Template Library (STL). Boost C++
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0 JCAHPC

S8 iy O msk oy

@Y u. iversity of Tukuba (; ’ THE UNIVERSITY OF TOKYO

Miyabi V7T 7#ER (2/2)

- PUHCPU/-—FEE AN / — PR

OpenFOAM. ABINIT-MP. PHASE. FrontFlow/blue. FrontISTR. REVOCAP-Coupler.
REVOCAP-Refiner. OpenMX. MODYLAS. GROMACS. BLAST. R packages.
bioconductor. BioPerl. BioRuby. BWA. GATK. SAMtools. Quantum ESPRESSO.
Xcrypt. ROOT. Geant4d. LAMMPS. CP2K. NWChem. DeepVariant. Paraview. Vislt.
POV-Ray. TensorFlow. PyTorch. JAX. Keras. Horovod. MXNet. Miniforge. Kokkos

autoconf. automake. bash. bzip2. cvs. emacs. findutils. gawk. gdb. make.

grep. gnuplot. gzip. less. m4. python. perl. ruby. screen. sed. subversion. tar.
IJY—y I Y7 tcsh. tcl. vim. zsh. git% &

Julia. CMake. Ninja. Java JDK
Grid Community Toolkit. Gfarm. FUSE

1> 7 7R84k Apptainer. Singularity Community Edition.
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— HPCI
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Simulation Nodes
Odyssey srEREFEa—F
25.9 PF, 7.8 PBI/s

Ialb—i 3y
/—F#, Odyssey
Fast File | Shared File

System [ System Wisteria/BDEC-01 4

.0 PB, . BHEE, DDA " . |5 —
11.00TPBBIs oz.gosTPBB/’s = T—2FE/—FE o

Aquarius

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢ ¢ BDEC-01



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File | Shared File
System

(SFS)
25.8 PB,
0.50 TB/s

System

(FFS)
1.0 PB,
1.0 TB/s

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

*.? Wisteria

¢~ ¢ BDEG-01

EHEREa—K w

VEalb—i3y
/—F#, Odyssey

Wisteria/BDEC-01 i
#¥E, DDA = _g.owm_jop  WATS

Aquarius
TSRk

T3

0EaALl—2avDEODETIVL-IND

A—ADT—4EH, AIBEEE &

AHiiE{k (S+D+L)




h3-0pen BDEC Hierarchical,

[HE+ T3+ EE IMEEERTH5EHNY Iz 7ER nse,?erli'g’geneous

I EERARE (S) (2019FE~23FE, KF:HEHE) Big Data &

https://h3-open-bdec.cc.u-tokyo.ac.jp/ Extreme
Computing

@ ?ZE)J*E x1,~§ *i 1%%35%@]
Fa—=UFIZKAHETERE
[CEDCEHIHEREE

1Tl

h3-Open-BDEC

App. Dev. Framework

Control & Utility

Numerical Alg./Library

== — .. i : Integration +
@ B Eﬁ T Q%EE}J77 A—7 New Principle for Simulation + Data + C teg et ti o
HEOEIHMHBWEEF Computations Learnin ommunications
%‘ e e % P 9 Utilities
= i e h3-Open-APP: Simulati h3-Open-SYS
S Algorith ith High- -Open- : Simulation - -
@ /\T M V—Txi%iﬁ (eg . Per?c?rrr:na};se,wéeliaé?lity, Applﬁ:ation Development Control & Integration
. . _ Efficiency
Wisteria/BDEC-01) [THEITDY S nORenUTiL
— — - -VER - - : T X
J I‘ '-7 17, 1—74 U TA E¥ Verifiggt%r)le:f Accuracy & ODF::Q gcﬁlﬁce[) o Ut|I|t|e(s:c1:cr>r:pLuat€gg-Scale
Hierarchical, H b E ' *i -
ierarchical, Hybrid, Heterogeneous —  FEE QL ep § I e wierarchical, Hybrid, Heterogeneons
: . h3-Open-AT h3-Open-DDA: Learning
h3 ﬂnen BDEc ‘g . Automatic Tuning Data Driven Approach /h3 une“ BDE.,C
}f;ii;* / Big Data & Extreme Computing //



https://h3-open-bdec.cc.u-tokyo.ac.jp/

2022/4/127

* ¢ Wisteri
Al for HPC, L34 El'l'i%tfﬁla

Hierarchical, Hybrid, Heterogeneous

h3 Open-BDEC

Big Data & Extreme Computing

Al for Science *

DRBTAANRITT

Odyssey-AquariusiE
— MPIZ&ABIEIEXAT
. O-AEEWVTMPITOS S LILEIALY

— Odyssey-Aquariusfd][&Infiniband-EDR

(2TB/sec) THEEINTLYS

YO 7RAF

— 5H8EHTS5—:h3-Open-UTIL/MP

— O-ARI#1E : h3-Open-SYS/WaitlO
- IB-EDR#%H (WaitlO-Socket)

« BIEITTAILYRT L (FFS) #ZHEHE (WaitlO-

File)

¢ _ ¢ Wisteria Platform for Integration of (S+D+L)
.“ BDEC-01 Big Data & Extreme Computing

Y2alb—vav/—F#
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s
Shared File _ Fast File
System System
KBTI P OB =mEIFAI
VAT L Aquarius AT L
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

e =xternal
‘73 771 Resources

% S M
External Network
NER RV T —2

h3-Open-BDEC

\B YRal—tav+7—4  #HE+HEET
ﬁfl’iﬁk&)ﬁ%-@%au + 2% (S+D+L) A—F4Y)F4
7R IL—LT—Y S & 1—F 1T«

h3-Open-MATH h3-Open-APP: ; )
B - AR Simulation IO
BEIEREETILIVAL | st8RHEFIUr—23 > weHE
h3-Open-UTIL
h3-Open-VER h3-Open-DATA: Data Iy
WL REE 7 R Esg

: h3-Open-DDA:
E'E;.ofin—pjy _Learnin h3 0“3“ BI]EB

PP Q7
44



h3-Open-SYS/WaitlO

T—R2ITELSAT S, 2020]
({¥cih, HPC-181, 2021]

¢ ANTAVZF7ZRARETTOELGSAVR—RY

rEI 771 ILEE

P HE

v’ Odyssey~AquariusfEE
O IB-EDR#ZH&/E (WaitlO-Socket)
O 774 )L#H (WaitlO-File)

v SNERDNS DT —2 S (BT
vV FHAAH-ES=H LD R
API|:C/C++, Fortranm®™SEEUNH L AT RE
vV MPISA DA 27— A% I

BHEZATI)ELTERE

2%F)

45

BRI

Salb—iay
/—F &, Odyssey

Wisteria/BDEC-01
BWFE, 00A PP YT

BgAT—%

%ﬁrsfmw .

h3-Open-BDEC

ME+EE+
dA—T14)T4
HH & 1 —FT1)T0

YRalb—av+7T—4
+22%E (S+D+L)
7FUBASIL—LT—5

FLLEHRE
BIET VTV L54T Y

h3-Open-MATH h3-Open-APP:
_ Efiee - mIEEE - Simulation
BAETEE7ZILIYXL | tER¥ 7 TYUS5—S 3>

h3-Open-SYS
it & #HE

h3-Open-UTIL
AR EM T

A—Ta4 VT4

h3-Open-VER h3-Open-DATA: Data
FEERRE T—AHE

h3-0pen-DDA- nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Learning . h3 0pen BDEB
P Q7 e

h3-Open-AT
BEFa—=>4
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API of h3-Open-SYS/WaitlO-Socket
PB (Parallel Block): Each Application

WaitlO API Description Waitio Instance ~ WAITIO_NPB=3

waitio_isend Non-Blocking Send | o
Parallel Block
waitio_irecv Non-Blocking Receive mplexec... -n 32 ./a.out
waitio_wait Termination of waitio_isend/irecv Bisad - B e
waitio_init Initialization of WaitlO W“T'O'M“”ER'PC'"TIQ‘E': ————— -
waitio_get _nprocs Process # for each PB (Parallel Block) Parallel Block ]J
mpiexec... -n 8 ./a.out PBID=1
waitio_create group Creating communication groups
waitio _create_group_wranks among PB’s
waitio_group_rank Rank ID in the Group
waitio_group_size Size of Each Group
waitio_pb_size Size of the Entire PB
waitio_pb_rank Rank ID of the Entire PB

[Sumimoto et al. 2021]



h3-Open-UTIL/MP: h 75—

* h3-Open-UTIL/MP (UTIL/MP) (7€, &
TJUr—23  DEEEREERT HTILF T4

/)ILMK jclf\. - 5:'_
re

PR

—1
HEn-
L—1

1L DERT

HPC
N .

applicable to full coupling,

4. Data extraction

P * Also
Put_data App. A multiple applications
I : Model procedures
B et | e LI |}/ |1 2. Send-data extraction from
' the buffer, and data sending
—
P data to the buff Draw data from the buffer Coupler procedures
opYy data to & DuTrer
//(\- Send data time
1. Data-packing Reov data
into a buffer e e o
Coupler procedures ’/r Intptpolhtice raw data fram the buffer
. 7 Copy data ta the buffer .
3. Data-packing after the
| 1 . .
2¥6 280 2B4 286 292 206 300 304 interpolation process | . - from the buffer
=1 1 1 1 L C Set_time
100 120 140 1680 180 200 1.3 ] 4.9 Modelpmcedures
App. B et data
\. PP 4

[Yashiro, Arakawa]
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h3-Open-UTIL/MP: h 75—

* h3-Open-UTIL/MP (UTIL/MP) &2 3E, #8:& - AR, KK -BFEEDERT
T)r—aV DREMEERTAVILFI«OVIR-ATSTHLHN, KRR
TlX, TDOHEBREZHLIEL, LTMAIEELEHTLNVS:

v ¥2ab—332 (0dyssey) —#FE (Aquarius) &E# : WaitlO L DA EFHE
v 7Y 2T JLER (Ensemble Coupling) : 7V U7V EEERFEOHAEHE
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h3-Open-UTIL/MP (h30-U/MP) + 2 h3-Open-BDEC
h3-Open-SYS/WaitlO-Socket

ARM: A64FX IceLake+A100
Surrogate
HPC App Analysis/ML

(Fortran)

App *
& S
F<->P adapter
A huge amount of h3o-U/MP h30-U/MP Statistics
simulation data

output - >

Coupling

L IB-EDR
¢ . * Wisteria *.* Wisteria
PR 117 x 7 el Odyssey PO+ x+l Aquarius




llllllllllllllllllllllllllllllll

h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket:E#E R
20226 A o FI FHAIRE $e3 Hithona
20224 #(;tFS.’ﬁ" MDWaitlO-FileZ{ : &k Aquarius |
h3opppy

h3open modules

llllllllllllllllllllllll

///

h3open modules

h3open modules

h3open modules

A
A

Jcup modules Jcup modules Jcup modules Jcup modules

h3-Open-UTIL/MP
h3-Open-UTIL/MP

jcup_mpi_lib.f90 jeup_mpi_lib.f90

o
MPI+WaitlO

jcup_mpi_lib.f90 jeup_mpi_lib.f90

202144 F : MPIE{E P RE RIS £ HTIR
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rchical, Hybrid, Heterogen

2 h3- ﬂpen BDEC
/// .

fREHE1EE - h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket

e ¥xET, R, IROFTHE, EEH, /\KE, HElE, hEHE, WaitlO-Socket: ZFEL X T L
TOEHEMPITOT S LERETHEETATS)DEE, BHRULEBZSHEIRE (2021-HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MPHEE
https://www.dropbox.com/s/k1nd0p98p5Scbdeg/KN_HPC182x.pdf?dI=0

® ¥ tE FlMth: Wistera/BDEC-01F|RAEHI (3) T—2Z(+iEL 47 5')h3-0Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10_202203Wisteria-1.pdf

® {FLEFth: Wistera/BDEC-01F|FHZEHI(4) T—2ZITiELZF4 T 3')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf

o FxER], MK IROTAE, ESH, /\ K[, KERE, BFEE, FEHE, WaitlO-Hybrid: £ H
T7AIY AT LESocketE BrtRATIEEGE SV AT LARBIBESA7 7Y, FHRUEZSHMEHRS (2022-
HPC-187-06), 2022

® FTJII[E4th : Wistera/BDEC-01FIFHZEHI(5) T IILF TR0 S LERTA T 5'Jh3-Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

® FTJII[E4th : Wistera/BDEC-01FI 451 (6) W ILF TR0 S LERTA T 5'Jh3-Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09 202207-Wisteria-1.pdf
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https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN_HPC182x.pdf?dl=0
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10_202203Wisteria-1.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13_202205-Wisteria-2.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09_202207-Wisteria-1.pdf

Simulation
Codes

Simulation Nodes
Odyssey

Wisteria/BDEC-01

Machine Observation
Learning, DDA Data/Learning Data
Nodes, Aquarius

Data Assimilation
Data Analysis

Server,

Storage, i

DB, External
Sensors, Resources
etc.

Originally
developed in
ERI/U.Tokyo
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U7 WEALT—3RE+
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JDXnetIZ&BYT7ILE3A LEBT—5E R

Observatlon Network for Earthquake 0(105) Pomts

(45']) ﬁ?bx
BEEE R

v 2
-
_!

2007/07)16 4 w 2007/07/16 ‘3 2007/07/16
> - | e
o
W
o }
i &
. fc&

10s = i ~ 50s

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]
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%! Wisteria
¢ ¢ BDEG-01

Data/Learning

Nodes: Aquarius
Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
Results |RYEL [eETd Results

Sone7d
Obs. Data 2.0 TB/s

Simulation Nodes:
Odyssey

External Server Seism3D/

OpenSWPC-DAF

25.9PF, 7.8 PB/s Enesh Dati EJG Modeﬂ

for Observed
Data

Fujitsu/Arm A64FX
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Communications by WaitlO-Socket  [Kasaietal 2021]
Aquarius: SEND

Odysse: RECV

program dmy_filter WALTIO_MPI_IRECV (NTMAX1 o, 1, WALITIO_MPI_INTEGER, ©,1, WAITIO COMM_UNIVERSE,...
<EEE: BEES> WAITIO MPI_IRECV (DT o, 1, WAITIO_MPI_FLOAT, 8,2, WAITIO COMM_UNIVERSE, ...
caii mpi_init (;errzMPI Conm WORLD err) WAITIO MPI_IRECV (NST o, 1, WAITIO MPI_INTEGER, ©,3, WAITIO COMM UNIVERSE,...
call mpi_comm_size _COMM_ » nprocs, ierr WALITIO_MPI_IRECV (AT_o, 1, WALITIO_MPI_FLOAT,  ©,4, WAITIO COMM_UNIVERSE,...
call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr) WAITIO MPI_IRECV (T@_o, 1, WAITIO_MPI_FLOAT, 8,5, WAITIO_COMM_UNIVERSE,...)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr) WALTIO MPI_IRECY (IS0 X o, NSMAaX, WAITIO MPI_INTEGER, @,6, WAITIO COMM_UNIVERSE, ...
) WALTIO_MPI_IRECY (ISO_Y_o, NSMAX, WAITIO_MPI_INTEGER, ©,7, WAITIO COMM_UNIVERSE,...
7 Qipiemnhest) dhen , . , . ) WAITIO MPI_IRECV (ISO Z o, NSMAX, WAITIO_MPI_INTEGER, 8,8, WAITIO_COMM_UNIVERSE, ...)
Zpe?(iegéglle= -/(obsfiilellist. txta R fiorm=sformatteds, status=tolds, Niostat=ierr) WAITIO MPI_IRECV (ISTX o,  NST, WAITIO_MPI_INTEGER, @,9, WAITIO COMM_UNIVERSE, ...

o 1=1, I S g fTE - i - b | T -

- = perens WALITIO_MPI_IRECYV (ISTY_ o,  NST, WALITIO_MPI_INTEGER, ©,10,WAITIO_COMM_UNIVERSE,...

;f:f{ :bf;;n59:;i+§§zggﬂg> WAITIO MPI_IRECV (ISTZ o,  NST, WAITIO MPI_INTEGER, ©,11,WAITIO COMM UNIVERSE, ...

3 T S - { T R WA S A =i i 5 LA SR ara TIT) -

a1 WALTIO MPT_ISEND (NTWAXL_o, ATTIO_WPI_INTEGER, 2,1, WAITIO_COMW_UNIVERSE,req(1,1), ierr) WALTLO MPLIRECY (STCo, G°WST, WALTIO_MPLCHAR,  0,12,WALTIO COMUNIVERSE, ...

call WAITIO MPI_ISEND (DT o, WAITIO MPI_FLOAT, 2, WAITIO COMM_UNIVERSE,req(1,2), ierr) o \—fj —oo %.' 005, 1o e \—]J - U e

call WAITIO MPI_ISEND (NST o, WAITIO MPI_INTEGER, 3, WAITIO_COMM_UNIVERSE,req(1,3), ierr) ﬁ%l]l%—ﬁﬂl—lRLFV }vyfll—”b°’N§]MN?”?—LLN’ﬁ%l]l%—ﬁﬂl—FL%fl’ a’14’5%111%—F?55—UN1VLR3L’"')

call WAITIO_MPI_TSEND (AT o, WATTIO_MPI_FLOAT, 4. WATTIO_COMM UNIVERSE.req(1.4), ierr) WALITIO MPI IRECY (VzAll obs, NST*NOBS LEN,WAITIO MPL FLOAT 9,15, WAITIO COMM UNIVERSE

call WAITIO_MPI_ISEND (Te_o, WAITIO_MPI_FLOAT, ,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)

call WAITIO_MPI_ISEND (ISO_X_o, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)

call WAITIO_MPI_ISEND (ISO_Y_o, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM UNIVERSE,req(1,7), ierr)

call WAITIO_MPI_ISEND (ISO_Z_o, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM UNIVERSE,req(1,8), ierr) ‘ ’ w- =

call WAITIO_MPI_ISEND (ISTX_ o, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM UNIVERSE,req(1,9), ierr) ‘ lsterla Output

call WAITIO _MPI_ISEND (ISTY o, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) B“EG'“I &

call WAITIO_MPI_ISEND (ISTZ o, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) ‘ ‘ Riovie

call WAITIO_MPI_ISEND (STC_o, 6*NST, WAITIO_MPI_CHAR, 2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)

call WAITIO_MPI_ISEND (VxAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, 2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
call WAITIO MPI_ISEND (VyAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT, 2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr)
call WAITIO MPI_ISEND (VzAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT, 2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)
call WAITIO MPI_WAITALL (15,req, status, ierr)
call sleep(1)
enddo
close (100)
endif
call WAITIO_FINALIZE (ierr)
call mpi_finalize (ierr)
end

Visualizer

aitlO-Socket

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PBIs [Mesh Data | | UG Model |
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h3-0pen-BDEC

Atmosphere-ML Coupling C.
[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

FFFFFF

® Motivation of this experiment

B Tow types of Atmospheric models: Cloud resolving VS Cloud
parameterizing

Could resolving model is difficult to use for climate simulation
Parameterized model has many assumptions
Replacing low-resolution cloud processes calculation with ML!

ML App
(Python)

h3-Open-UTIL/MP
(Coupler) this part

+ , . :
High Resolution Atmospheric Mode bw Resolution Atmospheric Model Wlth AI

(Convection—Resolving Mode) h3-0pen-SYS/Wait|O- pnvection—Parameterization Mode)

Socket
75%
o Training wi igh—resolution eplacing Physical Process
NICAM data in Low—Resolution NICAM

with Machine Learning

Replacing

Diagram of applying ML to an atmospheric model



Atmosphere-ML Coupling

1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

§) Emission of Longwave Radiation from
Earth's Surface

8) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow

10) Soil Water/Snow Melt

11) Snowllce/Water Cover

12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds

@©The COMET Program

Model component emulation (surrogation)

B The emulation target in this study is cloud microphysical processes
(phase changes, collision, coagulation, and precipitation)

B Atmospheric pressure, temperature,
water will change between before and after computing the cloud

microphysical processes

Atmospheric model and ML Library

and vertical

ﬁ h3-Open-BDEC

distribution of

B NICAM (global non-hydrostatic model with icosahedral grid) +

Pytorch (three layers MLP)
Methodology

B ML is trained to reproduce output variable from input variables of

cloud microphysical subroutine

Training data

B Input : total air density (rho), internal energy (ein), density of water

vapor (rho_q)

m Output : tendencies of input variables computed within the

cloud physics subroutine

Arho

Aein Arho_q

AT

AT

AT



Test calculation

® Compute output variables from input variables and PyTorch

B The rough distribution of all variables is well reproduced
B The reproduction of extreme values is no good
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Odyssey-Aquarius;Z £

e #8/—F#

— Odyssey:7,680/—F, $XZELVTLVS
— Aquarius: 45/—F, 360 GPUs, ;E#
Aquar|u30)')151/ K% (S+D+L) 3t
8 —oO0—kMmIFIZ) =T
- Odyssey, AquariusZTNnZnIZxtd 52
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Platform for Integration of (S+D+L)
Big Data & Extreme Computing

*.Y Wisteria

¢ ¢ BDEG-01

Simulation Nodes:

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Fast File
System

(FFS)
1PB, 1.0 TB/s

Shared File
System

(SFS)
25.8 PB, 500 GB/s

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A100
7.20 PF, 578.2 TB/s

External
Resources

Surrogate
Model

Analysis/ML

App
(Python)

HPC App
(Fortran)

F<->P adapter
A NEE h3o-U/MP h30-U/MP Statistics
simulation data
output < >
Coupling
se Mters HE so Wsters
o’ BDEC-01 o BOEC-01



3T ATl [Sumimoto, Arakawa]

Odyssey for Simulation

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-o
#PJM -L node=10:noncont
#PJM --mpi proc=80

#PJM -L elapse=00:10:00
#PJM -g gt00

#PJIM -j

#PJM -e err

module load fj
module load fimpi
module load waitio

export WAITIO_MASTER_HOST="hostname’
export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=0

export WAITIO_NPB=2

hostname
waitio-serv-a64fx -d -m $WAITIO_ MASTER_HOST

#mpiexec -oferr-proc errnicam -np 160 ./nicam
mpiexec -np 80 ./nicam

Aquarius for Al

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-a
#PJM -L node=1

#PJM --mpi proc=10

#PJM -L elapse=00:10:00
#PJM -g gt00

#PJIM -j

#PJIM -e err

module unload aquarius
module unload gcc ompi
module load intel
module load impi
module load waitio

export WAITIO_MASTER_HOST="waitio-serv -c’
export WAITIO_MASTER _PORT=7100

export WAITIO_PBID=1

export WAITIO _NPB=2

module unload intel
module unload impi

module load gcc ompi

mpiexec -n 10 ./ada




Hierarc hical, Hybrid, Heterogeneous

Z h3-Open-BDEG
e

fREHE0EE - h3-Open-UTIL/MP-
h3 Open-SYSlWaltIO Socket

J:O)?'E;&MPI? D77A’&‘FE'%3'6L1=7477U0)J1’E 'Iﬁiﬁmffﬁ Eﬁn*ﬁi(2021 HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP#1E
https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN HPC182x.pdf?dI=0

® ¥ tE FlMth: Wistera/BDEC-01F|RAEHI (3) T—2Z(+iEL 47 5')h3-0Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No2/10 202203Wisteria-1.pdf

® {fcE T th: Wistera/BDEC-01FIFAEHI (4) T—2%2(TELZ4735')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12 202205-Wisteria-1.pdf

o {¥xETR, T RATE, EEH, /\KRH, KBRS, 58UE, 1 EME, WaitlO-Hybrid: £ F
274 I AT L ESocketF G AR REL S AT LBBIEZTATTY, FHRUEFSHEIRE (2022-
HPC-187-06), 2022

® Fi)I|[&fth: Wistera/BDEC-01F|FHEH| (5) T IILFTRT S LEK T AT FJh3-Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

® Fi)I|[&fth: Wistera/BDEC-01F|FHEH (6) T ILFTRT S LEK T AT 5Jh3-Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09 202207-Wisteria-1.pdf
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https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN_HPC182x.pdf?dl=0
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10_202203Wisteria-1.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13_202205-Wisteria-2.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09_202207-Wisteria-1.pdf

REMMERES S SaL—2aV+8BBlIT—2R1E

%! Wisteria
¢ ¢ BDEG-01

Data/Learning

Nodes: Aquarius
Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
Results |RYEL [eETd Results

Sone7d
Obs. Data 2.0 TB/s

Simulation Nodes:
Odyssey

External Server Seism3D/

OpenSWPC-DAF

25.9PF, 7.8 PB/s Enesh Dati EJG Modeﬂ

for Observed
Data

Fujitsu/Arm A64FX
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Web-based Simulation System for Outreach
Activities

/> mdx
VM (Virtual Machine)

Application « File System
Server
Input
SSH Access
Job Submission

*.? Wisteria
¢ ¢ BDEC-01

JDXnet DatalLearnln_g Nodes
Aquarius

Sove7O 7.20 PF, 578.2 TBIs
External Server for
Observed Data

Web-Browser
Authentication

Screen

Simulation Nodes

Odyssey Shared File
25.9 PF, 7.8 PB/s System
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